Refining resuscitation strategies using tissue oxygen and perfusion monitoring in critical organ beds.
Muscle tissue oxygen monitoring (PmO2) holds promise as a continuous guide to resuscitation after hemorrhagic shock, but the relationship of muscle tissue oxygen to perfusion has not been described previously. On the other hand, brain tissue oxygen PbrO2 and perfusion as measured by cerebral blood flow (CBF) are already used clinically, especially as guides to vasopressor use in cerebral perfusion targeted therapy in patients with traumatic brain injury. This laboratory study was undertaken to describe the relative contributions of muscle perfusion and arterial oxygen tension (PaO2) to muscle tissue oxygen (PmO2) levels. Second, we wanted to compare the relationship between muscle oxygen and muscle blood flow (MBF) with simultaneously measured brain tissue oxygen and perfusion during the administration of a vasopressor and during experimental hemorrhagic shock. We hypothesized that muscle perfusion would be an important contributor to PmO2, thus underscoring the need for optimal fluid resuscitation after shock. We further hypothesized that PmO2 would decrease even as PbrO2 increased when vasopressor therapy was used. Eight pigs were anesthetized, intubated, underwent splenectomies, and were instrumented to monitor PmO2, MBF, PbrO2, and CBF. Oxygen challenges were performed by increasing PaO2 from 100 to 500 mm Hg during three different experimental phases: baseline, vasopressor administration, and hemorrhage. Mean PmO2 and MBF were compared at the beginning and end of each experimental phase and correlations between PmO2, MBF, PbrO2, CBF, and traditional endpoints of resuscitation were investigated. During oxygen challenges in all phases, PmO2 increased (31.2 +/- 16.6 mm Hg to 56.6 +/- 34.1 mm Hg; p < 0.01), whereas MBF did not change significantly (16.4 +/- 11.3 mL/100 g/min to 15.4 +/- 11.9 mL/100 g/min). On administration of vasopressors, MBF decreased (18 +/- 8.8 mL/100 g/min to 5.3 +/- 3 mL/100 g/min; p = 0.03), but no change in PmO2 was detected. During hemorrhage, both PmO2 and MBF declined (PmO2: 40 +/- 8.8 mm Hg to 7.7 +/- 9.6 mm Hg; p = 0.002; MBF: 9.8 +/- 5.8 mL/100 g/min to 3.3 +/- 2.4 mL/100 g/min; p = 0.046). Both PmO2 and MBF showed strong relationships with measurements of resuscitation, base deficit (PmO2 and MBF: p < 0.01), and mean arterial pressure (PmO2: p < 0.01, MBF: p = 0.02). Like PmO2 and MBF, PbrO2 and CBF decreased uniformly during hemorrhage. However, on vasopressor administration, CBF and PbrO2 increased significantly, whereas MBF decreased. PmO2 and MBF can be monitored simultaneously and continuously and correlate well with measurements of resuscitation. PmO2 values reflect both local perfusion and arterial oxygen tension. The clinical application of PmO2 as a continuous endpoint of resuscitation and its relationship to muscle perfusion warrants further study in critically injured patients and these investigations may help to refine resuscitation strategies.